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Temporal Trends in the Utilization of
Echocardiography in Ontario, 2001 to 2009
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The purpose of this study was to examine utilization and growth in echocardiography among the
general population of Ontario between 2001 and 2009. The age- and sex-adjusted rates of echocardi-
ography grew from 39.1 per 1,000 persons in 2001 to 59.9 per 1,000 persons in 2009, for an annual rate
of increase of 5.5%. Repeat echocardiograms increased at a rate of 10.6% per year and accounted for
25.3% of all procedures in 2009 as compared to 18.5% in 2002. While signiﬁcant increases in
echocardiography utilization were observed, opportunities may exist to improve the clinical utility ofthe echocardiograms performed in Ontario.
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AT
he rapid increase in utilization of im-
aging procedures has received substantial
attention from both researchers and poli-
cymakers (1). In particular, the utilization
f echocardiography has grown at an extremely
igh rate in both the United States and Canada
2– 6). Recent studies of utilization using
laims from the United States Veteran’s Ad-
inistration and Medicare plans have attrib-
ted the majority of the growth in echocardi-
graphy to increased enrollment in their health
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onetheless, there has been ongoing concern
hat increases in utilization may also be influ-
nced by a number of nonclinical or system-
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7,8), increased availability (3,8), duplicate im-
ging (1), and increased physician reliance on
echnology (9). In response to such concerns of
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516other societies, published appropriate
use criteria (AUC) for echocardiogra-
phy, which are currently being evalu-
ated for usability (10 –13).
The province of Ontario provides
universal coverage for health care to its
residents, so is less subject to the en-
rollment shifts of large U.S. insurers.
Furthermore, the prevalence of cardio-
vascular disease has remained relatively
stable over the past decade in Canada
(14). The purpose of this study was to
examine the utilization of echocardiog-
raphy and frequency of repeat studies
among the general population of On-
tario. We hypothesized that there
would be significant growth in echocar-
diography utilization between 2001 and
2009 despite a relatively stable rate of
cardiovascular disease during this pe-
riod (14,15). We explored factors that
might influence utilization including
indication, geography, and physician
supply.
Methods
Study design and data sources. We con-
ucted a population-based, repeated
ross-sectional study of all outpatient
chocardiograms performed in Ontario
etween 2001 and 2009. Our primary
ata source was the Ontario Health
nsurance Plan (OHIP) administrative
atabase. The OHIP database contains
laims submitted for all outpatient ser-
ices, including echocardiography, cov-
red by the Ontario Ministry of Health
nd Long-Term Care (2). The Regis-
ered Persons Database was used to
btain demographic information in-
luding age, sex, and geographic loca-
ion. Patients’ postal codes of residence
rom the Registered Persons Data-
ase were linked to the Census Area
rofile using the Postal Code Con-
ersion File to obtain median neigh-
orhood income and urban density.
ospitalizations were determined using
he Canadian Institutes for Health Infor-
ation database. Physician specialty was
ssessed using the Ontario Physician
uman Resource Data Center database. hEchocardiography utilization assess-
ment. We included transthoracic echocar-
iograms billed to OHIP between
anuary 2001 and December 2009.
chocardiography utilization was as-
essed by the technical component of the
illing codes for 1- and 2-dimensional
ransthoracic echocardiograms (G560,
566, G570, G574) (2,16). Before
006, echocardiography was covered
nder the global hospital budget for
npatients and was not available in the
HIP database (6). For this reason, we
nly included outpatient echocardiog-
aphy in this study. Other exclusion
riteria included echocardiography
illed after the beneficiary was de-
eased; echocardiography with an asso-
iated claim to OHIP that was not
eimbursed; and echocardiography per-
ormed on persons 18 years of age.
e did not include transesophageal
chocardiography as these are invasive
ests. To avoid duplicate claims, only 1
chocardiogram was counted per pa-
ient in a given day.
An echocardiogram was considered
o be a repeat test if another test had
een performed in the 365 days before
he index test. Because we considered
tudies starting on January 1, 2001, we
xamined the frequency of repeat stud-
es beginning in 2002.
Demographic information. Individual
emographic information was obtained
t the time of echocardiogram. Average
eighborhood income was based on
ensus tract and categorized into quin-
iles. Urban density was categorized as
ural if the population was 10,000
17). Regional variation was assessed
sing 14 geographically defined Local
ealth Integration Networks (LHINs)
n Ontario (18). The LHINs were de-
eloped by the government to allow for
ocal planning and funding of health
are services to a population residing in
specific geographic region. These net-
orks cover the entire province and
ary in population size from 180,000 to
.3 million.
For each subject, we assessed if aospitalization occurred in the 30 daysefore the time of echocardiography. In
ddition, we determined if a cardiology
onsultation took place either 30 days
efore or 30 days after the procedure,
ased on an OHIP claim from a phy-
ician encounter. Physician specialty in
he Ontario Physician Human Re-
ource Data Center database was based
n the type of care that is primarily
elivered by the physician (19). The
pecialty of the billing physician was
ichotomized as cardiac specialist and
ther specialties. Non–cardiac special-
sts were then categorized as internal
edicine, family physician or general
ractitioner, radiology, and other.
We determined the top 10 most
ommon indications for echocardiogra-
hy during the study period. Diagno-
is codes for procedure claims sub-
itted to OHIP are 3 digits and
ased on the International Classifica-
ion of Diseases, Eighth Revision (ICD-8)
oding system (20).
Statistical analysis. The number of
echocardiograms performed in each
calendar year was determined and char-
acteristics compared across years using
the chi-square test for categorical vari-
ables and analysis of variance for con-
tinuous variables. Rates of echocardi-
ography were calculated by dividing the
number of studies by the population of
Ontario in a specific year and esti-
mated per 1,000 persons. Rates were
standardized with age- and sex-
adjustment to the 2006 Ontario pop-
ulation using the direct standardiza-
tion method. Average changes in
echocardiography rates and repeat
echocardiography rates in the popu-
lation were calculated using a nega-
tive binomial regression model.
Change in number of echocardio-
grams by physician specialty during the
period was calculated by dividing the
number of studies performed in 2009
by the number of studies performed in
2001. We divided the change in num-
ber of echocardiograms for each spe-
cialty by the total provincial change in
studies during this period to determine
the amount of growth that was attrib-
s
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517utable to each physician specialty. Rates
of echocardiography and repeat echo-
cardiography by physician specialty
were calculated by dividing the number
of procedures performed by the number
of physicians who had billed at least 1
claim. The annual change in number of
physicians and number and rate of
echocardiography by physician spe-
cialty were calculated using a negative
binomial regression model.
We determined the age- and sex-
adjusted rates for total and repeat echo-
cardiography studies for each of the 14
LHINs. The difference across LHINs
in a given year was determined by
dividing the rate of echocardiography
in the region with the highest rate in
that year by the region with the lowest
rate in that year to calculate an extremal
quotient (21). We evaluated the aver-
age change in extremal quotient using
linear regression with year as the inde-
pendent variable.
A p value 0.05 was considered
statistically significant, and all tests
were 2-sided. Statistical analyses were
performed using SAS version 9.2 (SAS
Institute, Cary, North Carolina) and
STATA 10 (StataCorp, College Sta-
tion, Texas). The project was approved
by the research ethics board at Sunny-
brook Health Sciences Centre.
Results
Between 2001 and 2009, there were
4,844,483 outpatient OHIP claims for
echocardiograms. After exclusion of
claims with no reimbursement, chil-
dren, repeat procedures on the same
day, billing date after death date, or
missing sex or postal code information,
4,234,166 echocardiograms were in-
cluded in our study.
The mean age of Ontario patients at
the time of an echocardiogram was
59.5 years, with a slight increase during
the 9-year study period (Table 1).
There was also an increase in the per-
cent of echocardiograms performed on
persons who were male and from urban
regions. In most years, procedures were
evenly distributed across strata of in- rcome, our measure of socioeconomic
status. The percentage of echocardio-
grams performed within 30 days of a
hospitalization steadily declined from
4.6% in 2001 to 2.8% in 2009.
The number of echocardiograms in-
creased in each consecutive year, rising
from 345,767 in 2001 to 630,692 in
2009 (Table 1). This represented a
growth of 82% in absolute number of
studies performed during the period.
The age- and sex-adjusted rates of
echocardiography grew from 39.1 per
1,000 persons in 2001 to 59.9 per 1,000
persons in 2009 (Fig. 1). Overall
growth in adjusted rate of tests was
53% during this period, with an annual
rate of increase of 5.5% (Fig. 2). The
age- and sex-adjusted percentage of the
population who had an echocardiogram
increased from 3.6% in 2001 to 5.2% in
2009. On average, 4.3% of people in
Ontario (approximately 1 in every 25
adults) had an echocardiogram per-
formed in a given year.
The rate of repeat echocardiography
per 1,000 persons increased from 7.6 in
2002 to 15.1 in 2009, representing an
annual increase of 10.6% per year. The
percentage of all echocardiograms that
represented repeat studies increased
from 18.5 to 25.3% (p  0.001) be-
tween 2002 and 2009 (Table 2). Addi-
tionally, the percentage of persons re-
ceiving at least 1 repeat test grew from
16.6% to 22.5% (p  0.001) during the
tudy period, with the increase ob-
erved among both persons who had 1
epeat test and those who had multiple
epeat tests. About half of repeat tests
ere performed by the same physician
Table 2).
The majority of echocardiograms
ere performed by cardiac specialists
hroughout the study period, with sig-
ificant growth taking place: cardiolo-
ists performed 87% more echocardio-
rams in 2009 in comparison to 2001,
nd this increase accounted for 81% of
he overall growth in echocardiograms
n the province. The average annual
ate of change in number of cardiacspecialists performing echocardiograms
in Ontario was 3.1%, whereas the vol-
ume of tests per cardiac specialist in-
creased by 5.1% per year (Table 3).
Among cardiologists, 34% of the
growth in the rate of echocardiograms
between 2002 and 2009 could be at-
tributed to an increase in repeat echo-
cardiography.
Non–cardiac specialists performed
23% of echocardiograms between 2001
and 2009. The number of noncardiolo-
gists who were performing echocardi-
ography remained stable during the
period; nonetheless, growth in the rate
of echocardiograms performed by non-
cardiologists was 6% per year due to an
increase in the average volume per-
formed per provider. Much of this in-
crease in volume per provider was re-
lated to increases in repeat studies, as
opposed to increased patient volume.
Internal medicine physicians accounted
for 44% of the procedures performed by
non–cardiac specialists.
Rates of echocardiography varied
by LHIN and the extent of regional
variation increased over time. In
2001, the age- and sex-adjusted rates
of echocardiography ranged from
24.1 to 53.9 per 1,000 persons across
LHINs; in 2009, rates by LHIN
ranged from 34.6 to 87.3 per 1,000
persons (Online Figs. 1 and 2). The
rates in the highest utilizing LHIN
were 2 times (range 2.23 to 2.68)
that of the lowest LHIN in each year.
We found the extremal quotient to
increase at 0.05 per year (95% confi-
dence interval: 0.03 to 0.07), imply-
ing a widening regional variation dur-
ing the period. The extremal quotient
for repeat studies increased from 3.26
in 2002 to 4.54 in 2009.
Of all echocardiography claims sub-
mitted during the study period, 73%
were missing an indication diagnosis,
although there was a slight improve-
ment in reporting of diagnoses during
the study period (Online Table 1). The
most common non–missing diagnosis
was code 785, representing “chest pain,
tachycardia, syncope, shock, edema,
ab
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518masses” and found in 7.0% of claims
during the period of 2007 to 2009. The
next most common indication for
echocardiography was code 429, for “all
other forms of heart disease.”
Discussion
On average, approximately 4% of the
adult population of Ontario had at least
1 outpatient transthoracic echocardio-
gram in any given year from 2001 to
2009. The total cost of performing
these echocardiograms was approxi-
mately $130 million in Ontario in
2009. During this period, the total
number of echocardiograms performed
in the province of Ontario grew by
82%; after adjusting for age and sex,
population standardized rates in-
creased by 5.5% per annum. If ad-
justed rates of echocardiography had
remained stable during the period,
there would have been 215,000 fewer
echocardiograms performed in 2009
as compared to the actual number
performed. This differential would
have resulted in saving the provincial
health care system $44 million in
annual costs, given current reim-
bursement rates for a complete echo-
cardiogram (16).
The increase in age- and sex-
adjusted rate in our study was similar to
the annual increase observed in an ear-
lier OHIP study, which evaluated di-
agnostic testing between 1992 and
2001 (2). This implies a continued
growth of nearly 6% annually in the
rate of echocardiograms performed in
Ontario over a 19-year period, after
accounting for both population growth
and aging, both of which are major
contributors to increased health care
spending (22). Trends in our study
were slightly below the 7.7% growth in
rate of echocardiography in the United
States Medicare population from the
first part of the decade, although the
Medicare numbers were unadjusted
and included inpatient procedures (5).
Conversely, a study from the Veterans
Administration found a total rate ofT
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519increase in echocardiography of 4%
between 2000 and 2007. The authors of
that study hypothesized that Veterans Ad-
ministration policy changes to increase the
number of veterans eligible for services
without an immediate increase in proce-
dural capacity may have resulted in stabili-
zation of echocardiography rates (23).
There were no such policy changes in
Ontario during the period we examined. In
our study, physicians appeared to be in-
creasingly reliant on echocardiography to
clinically manage patients.
The rate of repeat testing grew faster
than the total rate of echocardiography;
repeat testing accounted for 18% of all
echocardiograms at the beginning of
the study period and 25% of total tests
by the end, representing a major driver
in the increase in overall utilization of
echocardiography. Previous studies
have shown minimal growth in the rate
of repeat echocardiography but were
limited to evaluating only the number of
repeat studies within the same calendar
year (5,23). In our study, in which a
repeat echocardiogram was defined as
2001 2002 2003 2004 2005 2006
0
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20
30
40
50
60
70
Figure 1. Growth in Rate of Echocardiography
Figure represents age- and sex-adjusted rate of ech
2001 and 2009. Rates are per 1,000 persons.having occurred within 365 days of aprior outpatient procedure, repeat test-
ing increased by an average of 10% per
year.
The ACCF AUC, first published in
2007 (10) and updated in 2011 (11),
describe many appropriate indications
for repeat echocardiography within 1
year, including symptoms of an acute
cardiopulmonary event; changes in
clinical status for an individual patient
with pulmonary hypertension, valvular
disease, or aortic disease; and evalua-
tion for advanced therapies in heart
failure (11). Nonetheless, most indica-
tions for repeat studies within 1 year are
considered to be inappropriate for sta-
ble patients, and studies from single
centers have demonstrated that repeat
echocardiograms are frequently ob-
tained for stable patients, particularly
in the outpatient setting (24 –26). We
did not include hospitalized patients
and found that the rates of tests
performed within 30 days of hospital-
ization decreased during this period;
these findings suggest that growth in
echocardiography was not related to a
007 2008 2009
rdiography between
All E
Repe
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Figure 2. Annual Cha
Repeat Echocardiogr
Rates are relative to 20
considered repeat proc
prior procedure, resulti
as compared to all echhigher prevalence of unstable patients.Importantly, we observed that
more than one-half of all repeat echo-
cardiograms were performed by a dif-
ferent physician. We postulate that
many of these repeat tests may be
related to inefficiencies in the current
health care system and/or medicole-
gal concerns. An inability to access
prior echocardiographic images, or
questions regarding the quality of ei-
ther the acquisition or interpretation
of previous studies by different phy-
sicians, may have led to many repeat
procedures.
Given that multiple-laboratory im-
age sharing for outpatient echocardi-
ography has not been implemented in
Ontario (27), improving accessibility
of imaging across facilities through a
common picture archiving and com-
munications system may help to re-
duce unnecessary repeat procedures.
Furthermore, certification of facilities
that perform echocardiography and
basic competency requirements for
physicians who interpret echocardio-
grams may reduce concerns related to
ardiogram
chocardiogram
2003 2004 2005 2006 2007 2008 2009
in Relative Rate of Echocardiography and
y
nd adjusted for age and sex. Echocardiograms were
res (green line) if performed within 365 days of a
n a 1-year lag in rates for repeat echocardiography
diography (orange line).2
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520sult in less repeat procedures. An
organization such as the Intersocietal
Commission for the Accreditation of
Echocardiography Laboratories (28)
may be able to provide such certifica-
tion but there are only a few facilities
in Ontario that are currently accred-
ited (29).
We were limited in our ability to
determine the indication for proce-
dures as the majority of claims in this
study had no associated diagnosis. Of
the claims that did have a diagnosis
code, the diagnosis was based on the
ICD-8 classification system, which
was updated decades ago because of
lack of specificity (30). As exemplified
in this study, the most common di-
agnosis listed (other than missing)
was “chest pain, tachycardia, syncope,
shock, edema, masses,” which repre-
sents 6 different symptoms, each of
which may incorporate a number of
actual diagnoses. Given such lack
of specificity, we are significantly lim-
ited in our ability to assess the ratio-
nale for the minority of procedures
that did have an associated diagnosis
codes.
A number of other health care
systems and payers require that a
referral indication be included with
outpatient procedures such as echo-
cardiograms, thus allowing for poten-
tial tracking of procedure indications
(23,31). Although procedure diagno-
Table 2. Characteristics of Repeat Echocardiogra
Number of echocardiograms
Percent repeats
Adjusted rate of repeat (per 1,000 people)
Repeats (%) performed by same physician
Number of persons with echocardiogram
Percent of persons with repeat echocardiogram
0 repeat
1 repeat
2 repeats
3 repeats
4 repeatsses have limitations in accuracy, theymay be helpful for improving appro-
priate utilization. Firstly, clinicians
who are required to provide a diag-
nosis for referral may give additional
consideration to the necessity for the
procedure. Such consideration may
lead to further education about ap-
propriate use, which is 1 of the goals
of the AUC (11,31). Secondly, re-
quired documentation of echocardi-
ography indication could be used to
track the appropriateness of proce-
dures. To maximize the utility of such
a tracking mechanism, the diagnosis
coding system should be updated to a
more specific system. The referral
diagnosis could ideally be paired with
expert recommendations on utiliza-
tion, such as the ACCF AUC, to
evaluate for best practice. Thirdly, the
inclusion of indication on claims
should be feasible. The Cardiac Care
Network of Ontario recently issued a
statement on the standards for per-
formance of echocardiography, which
included recommendations that labo-
ratories should have mechanisms to
ensure that an indication is included
with each referral and to educate
physicians on appropriate indications
for referral (32). Therefore, a mech-
anism should be in development for
recording an appropriate referral in-
dication; tracking this information
can be implemented with improve-
ment of the system that records the
in Ontario
2002 2003 2004 2005
1,356 382,187 431,716 459,692
18.5 18.4 19.1 20.3
7.6 7.6 8.7 9.7
43.4 45.3 46.3 45.6
8,055 348,181 390,220 413,157
83.4 83.5 82.8 81.7
13.7 13.5 13.9 14.8
2.5 2.5 2.7 2.9
0.4 0.4 0.5 0.5
0.1 0.1 0.1 0.1diagnosis.Study limitations. This study should be
interpreted in the context of its lim-
itations. Firstly, echocardiography is
an extremely useful diagnostic test in
many patients but whether a contin-
uous rapid rise in utilization rates is
clinically justified remains uncertain,
particularly given the lack of rigor in
OHIP diagnostic coding for proce-
dures and our inability to determine
trends and variations in the preva-
lence of such conditions as pulmonary
hypertension, valvular heart disease,
and outpatient heart failure. Sec-
ondly, our definition of physician
specialty was based on analysis of the
type of clinical care delivered rather
than specialty certification and, there-
fore, may be subject to misclassifica-
tion (19). Thirdly, due to the nature
of claims data, we were unable to
determine the proportion of echocar-
diograms that were attributable to
self-referral as we did not have infor-
mation on the referring physician.
Fourthly, as claims data for inpatient
echocardiography were unavailable
for the majority of the study period,
we are only able to evaluate trends in
outpatient procedures. A shift in lo-
cation of performance of echocardi-
ography from hospital to the outpa-
tient setting might have partially
accounted for increases in rates.
However, OHIP began to reimburse
the professional component for inpa-
2006 2007 2008 2009
4,581 536,655 571,520 630,692
21.3 22.6 23.5 25.3
10.9 12.0 12.9 15.1
48.0 47.6 46.5 46.5
9,277 474,264 500,432 543,772
80.9 79.5 79.0 77.5
15.3 16.4 16.5 17.3
3.1 3.3 3.6 4.0
0.6 0.6 0.7 0.9
0.2 0.2 0.2 0.3ms
37 50
33 44tient echocardiography by 2007, in-
J
S
r
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521creasing the financial incentive to
perform tests in the hospital rather
than moving the site of location of
these studies from the hospital to the
outpatient setting. Finally, our find-
ings reflect patterns of echocardiog-
raphy use in the province of Ontario
and may not reflect trends in utiliza-
tion in other provinces or health care
Table 3. Characteristics of Specialty of Physician
2001 200
Cardiology
No. of physicians billing echo 304 3
No. of echo 262,634 281,4
Avg. echo per physician 864 9
No. of repeat echo 56,6
Avg. repeat echo per physician 1
All Non-Cardiology
No. of physicians billing echo 399 4
No. of echo 83,133 89,8
Avg. echo per physician 208 2
No. of repeat echo 11,8
Avg. repeat echo per physician
Internal Medicine
No. of physicians billing echo 95
No. of echo 37,711 41,4
Avg. echo per physician 397 4
No. of repeat echo 6,2
Avg. repeat echo per physician
Family Practice/General
Practitioner
No. of physicians billing echo 62
No. of echo 5,785 7,5
Avg. echo per physician 93 1
No. of repeat echo 1,5
Avg. repeat echo per physician
Radiology
No. of physicians billing echo 139 1
No. of echo 29,485 28,9
Avg. echo per physician 212 1
No. of repeat echo 2,5
Avg. repeat echo per physician
*p  0.001. †p  0.01. ‡p  0.05.
Avg.  average; CI  conﬁdence interval; echo  echocarConclusions
We observed high rates of growth in
the use of echocardiography and re-
peat echocardiography in the univer-
sal health care system of Ontario.
There are clearly opportunities to ad-
dress this rapid growth through basic
measures such as required referral
rforming Echocardiograms in Ontario, by Year
2003 2004 2005 2006 2007 2
328 330 335 361 361
290,325 326,215 347,082 388,870 421,152 44
885 989 1,036 1,077 1,167
58,693 68,745 76,630 89,799 101,782 10
179 208 229 249 282
395 374 406 385 352
91,862 105,501 112,610 115,711 115,503 12
233 282 277 301 328
11,605 13,859 16,806 17,638 19,713 2
29 37 41 46 56
107 95 108 104 94
38,980 45,025 51,307 49,330 48,441 5
364 474 475 474 515
5,108 5,826 7,701 7,280 8,297 1
48 61 71 70 88
74 70 79 59 66
8,574 11,339 8,920 10,314 10,441 1
116 162 113 175 158
2,213 2,481 1,938 1,993 2,033
30 35 25 34 31
133 121 119 115 92
30,789 30,773 28,421 30,669 30,421 3
231 254 239 267 331
2,719 2,819 3,149 3,425 4,108
20 23 26 30 45
rams; No.  number.improved coding system. The effect
of the implementation of required
coding on quality, efficiency, and pa-
tient outcomes should be evaluated.
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2009 Annual Rate of Change (95% CI)
3 395 3% (3% to 4%)*
1 492,406 8% (8% to 9%)*
7 1,247 5% (4% to 6%)*
4 128,829 13% (12% to 14%)*
3 326 9% (7% to 12%)*
5 395 1% (2% to 1%)
9 138,286 6% (5% to 7%)*
0 350 7% (5% to 8%)*
8 30,619 15% (12% to 17%)*
1 78 16% (11% to 21%)*
8 119 3% (0% to 5%)‡
4 63,249 6% (4% to 7%)*
6 532 3% (1% to 5%)†
3 11,065 11% (8% to 14%)*
0 93 8% (4% to 11%)*
4 60 2% (5% to 1%)
7 10,911 7% (4% to 10%)*
3 182 9% (5% to 12%)*
9 2,555 4% (0% to 9%)‡
1 43 8% (2% to 14%)†
9 95 6% (8% to 4%)*
1 33,089 1% (0% to 2%)‡
6 348 8% (6% to 9%)*
1 8,289 16% (11% to 21%)*
3 87 27% (21% to 35%)*systems. indication codes, particularly with an tu@ices.on.ca.s Pe
2 008
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